A group of Beggiatoa-like organisms which do not deposit sulfur from sulfide but which were isolated from the same locations as sulfide-oxidizing beggiatoas should be considered as a species within the genus Vitreoscilla. These organisms fit the general description of Vitreustillu beggiatoides as originally described by E. G. Pringsheim, and strain B23SS (= ATCC 43189) is herein designated as the neotype strain. The guanine-pluscytosine content of the deoxyribonucleic acid of strain B23SS was 42 mol%. A few strains that were formerly considered as Beggiatou spp. have been shown to lack the ability to accumulate sulfur in inclusions when exposed to hydrogen sulfide. Because rigorous tests were not previously carried out to determine whether these organisms really deposited sulfur, it is probable that they were never capable of doing so. These strains, which form a distinct group of microorganisms, now should be considered to be a Vitreoscilla species. This group of organisms is most characteristic of the species V.filiformis as originally described by E. G. Pringsheim. Because strains had not been characterized since the original description, V . filiformis was not included in the Approved List of Bacterial Names. This name has, therefore, been revived, and strain L1401-2 (= ATCC 43190), a strain originally isolated by E. G. Pringsheim, is designated as the neotype strain. The guanine-plus-cytosine content of the deoxyribonucleic acid of these strains ranged from 59 to 63 mol%. These two groups of organisms are compared to V . stercoraria, the best-characterized Vitreoscilla strain, and to Beggiutou ulbu, the bestcharacterized and type species of the genus Beggiatoa.
In 1949, E. G. Pringsheim proposed the family Vitreoscillaceae, which contained the genus Vitreoscilla and other non-sulfide-oxidizing, colorless, gliding bacteria (30) . In 1951, E. G. Pringsheim characterized the vitreoscillas in more detail and described six species mostly on the basis of their trichome size, morphology, and growth characteristics (31) . Since then, the genus Vitreoscilla has been placed in the family Beggiatoaceae (18, 48) , and its members have been considered to be non-sulfide-oxidizing counterparts to beggiatoas (18, 32, 48) . This is consistent with E. G . Pringsheim's concept of the genus Vitreoscilla because he named Vitreoscilla beggiatoides, a Beggiatoa-like organism, as the type species of Vitreoscilla (30) (31) (32) . V . stercoraria, however, is the only Vitreoscilla species to be maintained in pure culture since E. G. Pringsheim's original description, and it is quite distinct because of its barrel-shaped cells (1,2, 5, 7). Because pure cultures of V . stercoraria have been readily available, it is the best-characterized Vitreoscilla species (1, 2, 4, 5 , 7, 8, 10, 23, 24, 29-32, 46, 47) . V. stercoraria is also the Vitreoscilla species that is the least like any of the beggiatoas in its morphology, life cycle, or nutrition (48) .
Because pure cultures of E. G. Pringsheim's original V .
beggiatoides, the type species of the genus Vitreoscilla, heretofore have not been fully characterized, there has been no sound physiological basis on which the genus could be described. Here we characterize V . beggiatoides on the basis of strains that we isolated and have described briefly elsewhere (26, 42) . We also describe another Vitreoscilla species, V . jliformis, comprising strains that were formerly thought to be Beggiatoa spp. These vitreoscillas and V . stercoraria are described and compared with Beggiatoa alba.
MATERIALS AND METHODS
Cultures and media. The organisms used in this study and their sources are shown in Table 1 . V . stercoraria ATCC 15218T and VT1 normally were grown and maintained on a nutrient-rich medium containing basal salts (44), 0.2% nutrient broth (Difco Laboratories, Detroit, Mich.), and 0.1% each of peptone, tryptone, and yeast extract (26) . B . alba B18LD and the other vitreoscillas were grown on BH (heterotrophic) or BSO (sulfide containing) media. BH medium consisted of 6.1 mM sodium acetate, 4.7 mM ammonium chloride, 1 mM CaCI2, 73.5 pM KH2P04, 40 pM MgS04 . 7H20, and 5 ml of a microelement solution per ml (44) . BSO medium contained the same components as BH medium, but with 2 mM sodium sulfide added before autoclaving (44, 45) . The sulfide-containing medium was neutralized with 1 N HC1, and both media were adjusted to pH 7.5 before autoclaving. All strains except the two V . stercoraria strains had been maintained and grown on media containing sulfide as described by Mezzino et al. (25) .
Morphological features. Morphological features of each strain, including trichome diameters, were examined with a phase-contrast microscope fitted with an ocular micrometer. The micrometer was standardized with a slide containing a grid with standard 1 .O-pm measurements (Nippon Kogaku, Tokyo, Japan). Sudan black B and methylene blue were used to stain poly-P-hydroxybutyrate (PHB) and polyphosphate bodies, respectively, as described by Strohl and Larkin (42) .
IP: 54.70. 40.11 On: Thu, 03 Jan 2019 07:47:37 VOL. 36, 1986 CHARACTERIZATION OF VITREOSCILLA 303 Growth and inhibition studies. The ability of the strains to grow on media containing NaCl was tested in BP medium as previously described (25, 42) . The sensitivity to antibiotics was determined with standard antibiotic discs as previously described (25) .
Utilization of sole nutrient sources. The ability of each strain to utilize single compounds for both carbon and energy was demonstrated by inoculating the strains into 100 ml of BH medium modified by the exclusion of acetate. The carbon sources were added at 0.05% concentrations. Growth of the strains through three passages of the defined medium was considered as positive (44) . The ability of each strain to utilize a sole nitrogen source and to reduce nitrate to nitrite was tested in Durham tube assemblies with a BH medium modified as follows: 0.05% sodium succinate replaced the acetate, and 0.02% of KN03, NaN02, or Casamino Acids (Difco) replaced the NH4Cl (25) . All tubes were incubated for 10 days, and growth was indicated by the appearance of white tufts. The organisms were checked by microscopy for viability and contamination. Nitrate reduction was examined as described by Mezzino et al. (25) .
Production of specific enzymes and hydrolysis of macromolecules. The presence of catalase was tested by scraping 5-day-old cultures from plates and mixing with 3% H202 or by pelleting 24-to 30-h-old cultures from various liquid media (MY [14] , BH, BSO) and adding 100 p1 of 3% H202 to the pellets. The presence of bubbles within 1 min, as monitored with a dissecting microscope, was considered as positive. Cytochrome oxidase was tested with N,N,N',N'-tetramethyl-p-phenylenediamine as previously described (15) . Rapid formation of a purple color was considered as positive.
Assimilation of sulfide and production of sulfur inclusions. The general ability of the cells to accumulate sulfur as determined by phase-contrast microscopy (42) after growth of each strain on sulfide-containing media (BSO) versus media containing no sulfide (BH) has generally proved unsatisfactory, because the presence of polyphosphate inclusions can mimic the production of sulfur inclusions. More-rigorous tests were deemed necessary to determine the accumulation of intracellular inorganic S (actually periplasmic [39]) after exposure of the cells to neutralized sodium sulfide. This was done radioisotopically with Na23'S as the substrate, essentially as described by Vargas and Strohl (45) . The cells were grown to mid-log phase in BSO medium as previously described (38). Strains ATCC 152HT and VT1 were grown on the nutrient-rich medium previously described (26) plus 1 mM sodium sulfide. The resultant cells of all strains were harvested, washed in basal salts, pH 7.5 (38), and resuspended in fresh medium of the type in which they were grown, but without sodium sulfide. The assimilation of radioactive sulfide was tested in media containing FeS04 in the trace elements (44) and in media lacking the iron. The latter precluded the chemical deposition of FeS, which gave higher background (negative control) counts. The cells (standardized to ca. 1 mg per ml of protein) were dispensed into 10-ml volumes in 50-ml Erlenmeyer flasks and incubated at 30°C in a reciprocal shaker at 120 strokes per min. After 30 min of preincubation to allow adjustment of the cells to the new medium, 1 pCi (4 pCi per pmol) of NaZ3'S was added with an automatic micropipette. Several preliminary experiments indicated that the assimilation of radiolabeled sulfide by B . alba BNLD, the positive control, was complete after 40 to 50 min with these procedures. Thus, the experiments were carried out for 90 min for all organisms in this study to ensure that the reactions would progress to completion. The assimilation of the radiolabels was measured by filtering duplicate 0.5-ml aliquots onto glass fiber filters and washing with ice-cold basal salts solution, pH 3 (38), to release any bound label. Duplicate 0.5-ml aliquots were also removed from the reaction flasks and washed with 10 volumes of basal salts, pH 3, and then 20 volumes of 97% ethanol as described above. Preliminary experiments have shown that approximately 80 to 90% of the 35S in B . alba B18LD was in the salts wash-insoluble, ethanol-soluble fraction (ostensibly, inorganic S inclusions [43, 451). All NaZ3'S oxidation to inorganic 35S determinations were carried out at least three separate times to ensure that growth conditions or other phenomena did not cause spurious results. Sorption of the radiolabeled sulfide by autoclaved cells incubated under identical conditions was used as a background (negative) control. Sulfide assimilations by Escherichia coli and V . stercoraria were also used as negative controls, and sulfide assimilation by B . alba B18LD (43) and Beggiatoa sp. clone 75-2a (27) was used as a positive control. The filtered samples, containing cells with presumptive 35S inclusions, were dried overnight at 65°C. Radioactivity on the dried filters was measured, and quench corrections were made as previously described (38, 45). Counting efficiencies for the 35S-label experiments were ca. 80%. Samples from each experiment were frozen for later protein analysis, which was done by the Bio-Rad method (Bio-Rad Laboratories, Richmond, Calif.) after extraction of the sulfur and precipitation of the proteins with 95% ethanol (45) .
DNA extraction and purification. Deoxyribonucleic acid (DNA) was extracted from strains L1401-2, L1401-7, and ATCC 15551 by the method of Larkin and Shinabarger (15) . DNA was extracted from strains B23SS, ATCC 152BT, VT1, B18LD, and E . coli HBlOl by the procedures outlined by Minges et al. (26) , except that NaCl was not used to precipitate chromosomal DNA. When the absorption ratio of 260/280 nm was at least 2:1, the DNA was considered pure enough for its base composition analysis by buoyant density analysis .
Determination of DNA base composition. The DNA base composition of strains L1401-2, L1401-7, ATCC 15551, and B . alba B18LD were measured by melting temperature (T,) analysis by the method of Larkin and Shinabarger (15) . The equation derived by Mandel and colleagues (21) , relating T, with buoyant densities of the DNA, was used to calculate the G + C moles percent content. E . coli B was used as a control, for which a G + C mol% value of 51 was obtained.
The DNA base compositions of strains B23SS, ATCC 152MT, VT1, and B18LD were measured by their buoyant density in CsCl by the method of Schildkraut et al. (33, with E . coli HBlOl DNA as a standard.
Analysis of cytochromes and respiration potential. Cytochromes have been analyzed by standard oxidized versus dithionite-reduced cytochrome differential spectrophotometry methods that are the subject of another report (W. R. Strohl et al., Arch. Mikrobiol., in press). Likewise, acetate oxidation to C 0 2 was measured by methods described by Strohl et al. (38, 43, 4 9 , and more-complete data will be presented elsewhere (Strohl et al., in press ).
Electron microscopy. Fixation, thin sectioning, dehydration, and staining of strain V. stercoraria VT1 for transmission electron microscopy were carried out by the ruthenium red-glutaraldehyde techniques previously described for Beggiatoa (39) (40) (41) . Fixation for transmission electron microscopy of strains L1401-6 and B23SS was done essentially as described by Lawry et al. (17) . Fixation, dehydration, critical point drying, and shadowing for scanning electron microscopy of strains B23SS and VT1 was carried out as previously described (41) .
Chemicals and radiochemicals. All chemicals used for this investigation were of the highest purity available. Sodium [3sS]sulfide was obtained from Amersham Radiochemicals Inc., Chicago, Ill. The sulfide container was opened, and the material was diluted with unlabeled, freshly neutralized and prepared sodium sulfide to a specific activity of 4 mCi per mmol in a Forma Scientific anaerobic chamber (45) . The sodium sulfide crystals used for dilutions of the label were washed, dried, and resuspended in double-distilled water. The sulfide was placed into a Wheaton serum bottle, and the headspace of the bottle was filled with nitrogen gas. Each time an aliquot was removed, the bottle was gassed with nitrogen to keep it anaerobic (45) .
RESULTS
The morphological characteristics of the organisms used in this study are shown in Table 1 . The colonies of strains L1401-2, L1401-6, L1401-7, and ATCC 15551 displayed linguiformis-type colonies (Table 1) as described by Pringsheim (33) . Strains B13SD, B22SS, and B23SS displayed unusual colonies. They were more similar to linguiformis colonies on richer nutritive media and more like circuitans colonies on media with fewer nutrients. On media with few nutrients, the trichomes of strains B13SD, B22SS, and B23SS often glided out alone, a characteristic somewhat different from that of most other vitreoscillas (10) and beggiatoas (42) . V. stercoraria ATCC 152MT and VT1 formed thick, eubacterialike colonies on nutritionally rich media and spreading colonies with tonguelike extensions on nutritionally poor media (18) .
V. stercoraria VT1 formed chains of cells with a discontinuous cell wall, and it contained distinct separations between cells (Fig. l a and 2a) . V . beggiatoides B23SS (Fig. l b  and 2b ) and V . Jiliformis L1401-6 (Fig. 2c) formed continuous trichomes and displayed slight indentations at the septa1 regions. These indentations, however, were generally not observed when the strains were viewed by phase-contrast microscopy. No deep indentations or septations were observed between the cells of B23SS when viewed by scanning electron microscopy (Fig. lb) . The trichome diameters of the various strains used in this study are shown in Table 1 .
All the strains contained layers corresponding to the cytoplasmic membrane, the peptidoglycan layer, and the lipopolysaccharide layer (b layer; Fig. 3 ). V . stercoraria VT1 contained a typical gram-negative bacterial cell envelope with a ruthenium red-staining layer external to it (c layer, Fig. 2a and 3) . The V . stercoraria cells were held together after septation and separation by a ruthenium red-staining connecting material (arrow; Fig. 2a ). V . Jiliformis L1401-6 also contained a single thick electron-dense layer (c layer) external to the b layer ( Fig. 2c and 3 ). On the other hand, two distinct and relatively thick electron-dense layers (c and d layers; Fig. 2b and 3) were observed external to the b layer in V. beggiatoides B23SS. The c and d layers of B23SS together may compose a single, thick, membrane-type structure. Both strains B23SS and L1401-6 ( Fig. 2b and 2c , respectively) deposited large quantities of PHB.
The cell cycles of the vitreoscillas with continuous-surface layers (e.g., B13SD, B22SS, B23SS, L1401-2, L1401-6, L1401-7, ATCC 15551) often included formation of necridia (sacrificial cell death [41] ) in the trichomes, allowing the trichomes to break apart and disperse. Alternatively, trichomes of L1401-2, L1401-6, L1401-7, and ATCC 15551 sometimes disintegrated into individual cells or shorter trichomes, as described by . The cell cycle of V . stercoraria was like that of most gram-negative bacteria, except that after division by binary fission the cells usually remained attached (1, 2, 7).
The G + C mol% of the DNA of strain B23SS was 42 ( Table 2 ). The mol% G + C of the DNA of strains L1401-2, L1401-7, and ATCC 15551 clustered around 59 to 63 (Table   1 ). The G + C mol% contents of the DNA from the V . stercoraria strains VT1 and ATCC 15218 were 50 and 51, respectively ( Table 2 ). The mol% G + C of B18LD was determined to be 51 on the basis of its buoyant density in CsCl.
When examined carefully by phase-contrast microscopy, strains B13SD, B22SS, B23SS, L1401-2, L1401-6, L1401-7, ATCC 15551, ATCC 152HT, and VTl did not appear to contain sulfur bodies when grown in the presence of 1 to 2 mM sodium sulfide at pH 7.2. Many of these strains, however, deposited phase-bright inclusions that were eventually characterized as polyphosphate bodies. Furthermore, 152MT, VT1, and E. coli did not oxidize sulfide to internally stored sulfur as tested by the oxidation of radiolabeled sulfide. For all of these strains, the accumulated (or sorbed) radioactivity was equal to or lower than background counts, which were less than 3% of positive controls. Less than 5% of the radioactivity measured in the background controls and in these organisms was ethanol soluble, indicating that the low background counts were probably not sulfur. The positive control organisms, B . alba B18LD (26, 43, 45) and Beggiatoa strain 75-2a (27) , assimilated the radioactive sulfide and produced ethanol-soluble radioactive sulfur from it. The rate of sulfur formation from NaZ3% by B . alba in several replicate experiments was 30 to 40 nmol/min per mg of protein under the conditions tested.
Some physiological features of the strains are shown in Table 3 . Strains B13SD, B22SS, and B23SS grew in the temperature range of 12 to 34"C, whereas strains L1401-2, L1401-6, L1401-7, and ATCC 15551 generally grew at 38°C. Strains B13SD, B22SS, and B23SS grew in 0.5% NaC1, whereas the other vitreoscillas could not tolerate 0.5% NaCl. All of the strains tested used ammonium and nitrate salts as nitrogen sources. Strains L1401-2, L1401-6, L1401-7, and ATCC 15551 hydrolyzed gelatin and starch weakly. Most of the strains tested contained a full complement of cytochromes, including a-, h-, c-, and CO-binding o-type cytochromes. None of the strains tested grew anaerobically.
The utilization of single compounds for sole sources of carbon and energy by the vitreoscillas is shown in Table 4 . Strain B23SS could utilize acetate, succinate, fumarate, malate, or ethanol as sole carbon and energy sources. Strains L1401-2, L1401-6, L1401-7, and ATCC 15551 utilized a variety of compounds tested, including glucose, ethanol, citrate, and other organic acids, and the amino acids glutamate, aspartate, and asparagine ( Table 4) . None of the strains tested utilized as sole carbon and energy sources glyoxylate, glycine, glycerol, formate, or methanol. Strains B23SS, L1401-6, and ATCC 15551 utilized acetate (Table 4) and oxidized both the methyl and the carboxyl carbons of acetate to COZ in the presence of air (Table 3 ) (Strohl et al., in press).
Strains B22SS and B23SS were resistant to filter disks containing 10 pg each of bacitracin and streptomycin and were sensitive to filter disks containing 300 Fg of furadantin (macrodantin), 30 pg of neomycin, and 300 units of polymyxin B. Strains L1401-2, L1401-6, L1401-7, and ATCC 15551 were sensitive to all five antibiotics listed (with the exception that ATCC 15551 was resistant to neomycin).
DISCUSSION
Organisms matching the description of the vitreoscillas were described by Cohn in 1870, and subsequently several investigators observed organisms resembling the characteristics given for the genus Vitreoscilla (31). These organisms were usually associated with decaying plant material and cyanobacterial mats or were observed in habitats in which beggiatoas and cyanobacteria were common (31). E. G. Pringsheim first described the genus Vitreoscilla in his 1949 review comparing the colorless, filamentous , gliding bacteria with the morphologically similar cyanobacteria (30). The genus Vitreoscilla was described as a group of colorless, gliding microorganisms that were essentially colorless cyanobacteria or non-sulfide-oxidizing beggiatoas (30). He carried the comparison of Vitreoscilla to Beggiatoa to the point of naming the type species V . beggiatoides (30-33) .
Pringsheim differentiated the Vitreoscilla species primarily by trichome width, the ratio of cell width to length, and the presence of barrel-shaped versus cylindrical cells (31). Of the final characteristic, E. G. Pringsheim stated "some have barrel-shaped cells, divided by constrictions, others a cylindrical shape of even width." This final trichome characteristic will be referred to as "continuous" or "not constricted" (Fig. lb) . The deeply constricted trichomes of V . stercoraria (Fig. l a and 2a) were considered to be moniliform trichomes by Pringsheim (30-33) . Concerning the continuous versus noncontinuous nature of Vitreoscilla VOL. 36 In describing the genus, Pringsheim specified that the "trichomes [were] clearly divided into cells." It is not clear whether he meant that the individual cells in trichomes could be clearly observed (by light microscopy) or whether he could clearly discern that cells existed in the trichomes because of the slight invaginations in some species and the outright constrictions in other species. V . beggiatoides, the type species, was described as a colorless, filamentous organism about 2 pm wide, often showing "shallow constrictions at distances of 4 to 5 pm or more apart" (31) . In liquid media, V. beggiatoides grew "into perfectly cylindrical filaments of almost unrestricted length before they show periodical constrictions and break up into short lengths, a kind of ill-defined hormogonia" (3 1). Thus, the Vitreoscilla type species did not display obvious constrictions at all times (according to Pringsheim [31] ), even though it could be interpreted that Pringsheim also meant all Vitreoscilla species should contain (deep) constrictions between cells. The organisms studied here fell into two categories: (i) the continuous-wall type, exemplified by B23SS (Fig. l b and 2b ) and L1401-6 (Fig. 2c) , and (ii) the species that contains constrictions in its walls, V . stercoraria (Fig. l a and 2a) . Models of the cell envelopes of these three vitreoscillas are presented in Fig. 3, with a comparison to B. alba cell envelope (40) . These models show the increasing degree of complexity from the V. stercoraria cell envelope through that of B . alba. The cell envelope of strain B23SS was similar to that of beggiatoas (19, 39, 40) , whereas the cell envelope of strain L1401-6 was somewhat simpler and more similar to that of V . stercoraria (Fig. 3) . Strain L1401-6 also displayed unusual cross-wall-delineated truncated cells, for which a function is not clearly recognized.
The cell diameters shown for most of the strains in this study were thinner than the diameters reported for these strains in other investigations. The diameters for L1401-2, L1401-6, and L1401-7 were all observed here to be 1.0 to 1.5 bm. Pringsheim (33) reported diameters of 1.5 to 3.0 pm for these same strains. We have previously described the diameter of B. alba B18LD to be about 3.5 Fm (25,42); here we have measured it as about 1.5 to 2.0 km. Moreover, Nelson et al. (28) measured B18LD to be 1.8 pm. The reasons for these discrepancies are not known, but it dramatically demonstrates the problems in describing species based on filament diameters alone (3, 18).
Pringsheim's original descriptions of all six Vitreoscilla species were vague and would be unacceptable by today's standards. If strains of each of Pringsheim's vitreoscillas had survived to be studied further, many physiological comparisons could be drawn, and the species could be properly defined. However, only a strain of V . stercoraria (Pringsheim 1488-6 [ll] = ATCC 15218T) still exists from Pringsheim's original collection (33) . The Approved Lists of Bacterial Names (36) recognized only V. beggiatoides, the type species, and V . stercoraria, the only Vitreoscilla species for which pure cultures were known to exist. Since the original descriptions, the information in the literature concerning the genus Vitreoscilla has been limited to growth characteristics (1,2,7, lo), nutrition (23, 24), gliding motility (7, lo), ultrastructure (7, lo), electron transport (8, 29, 46, 47), and DNA (21, 26) of V . stercoraria and similar strains. Thus, even though V . beggiatoides is the type species of Vitreoscilla, the identity of the genus in the modern literature is that of V . stercoraria, an organism both morphologically ( Table 1 ; Fig. 1 to 3 ) and physiologically ( Table 3 and 5) distinct from other organisms considered in this work as vitreoscillas .
Recent data suggest other groupings for these organisms. Analyses of the 5s ribosomal ribonucleic acid (rRNA) by David Stahl and his colleagues (submitted for publication) indicate that all of the vitreoscillas tested (L1401-7, ATCC 15551, B23SS, VT1) and B. alba strain B18LD are closely related to the gamma group (Group 111) of the purple photosynthetic bacteria. Because these related groups (purple photosynthetic bacteria groups) have been analyzed by 16s rRNA cataloging and are shown to be distantly related to the cyanobacteria (37), the vitreoscillas and B. alba are also likely to be distantly related to the cyanobacteria. Thus, the suggestions that these organisms are closely related to cyanobacteria (30, 32, 34, 41) are no longer tenable. Moreover, in the 5s rRNA groupings, B. alba B18LD and Vitreoscilla strain B23SS show a much closer relatedness to each other than to strain ATCC 15551 (= L1401-7) (Stahl et al., submitted).
The inclusion in one genus of strains that vary so widely in G + C moles percent values, morphology, and physiology as do V. stercoraria, L1401-2 and similar strains, and B23SS and similar strains (Table 51, seems ambiguous. As physiological, genetic, and phylogenetic data are further gathered, the genus Vitreoscilla may well have to be reconstructed.
For example, Filibacter limicola , a Vitreoscilla-like organism recently described by Maiden and Jones (19) , shows similarities in morphology to V. stercoraria but may be physiologically more related to the L1401-2 group. With the limited data available at this time, however, it is proposed that the strains described herein all be considered as vitreoscillas.
The strains L1401-2, L1401-6, and L1401-7 described herein are strains obtained from Pringsheim's culture collection in Gottingen, Federal Republic of Germany (11). These strains were considered by Pringsheim as Beggiatoa strains (33), as he claimed that they deposited sulfur when grown in the presence of hydrogen sulfide. One of those strains, L1401-7, was later described not to deposit sulfur by Kowallik and Pringsheim (12). When we obtained strains L1401-2, L1401-6, and L1401-7 from the Sammlung von Algenkulturen, no morphological, cultural, or physiological differences were observed among them. Strain ATCC 15551 was apparently a replacement for the strain originally isolated by S. Maier and described by Burton and Morita (6). The origin 
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The problem is that all of these strains were considered at one time to be Beggiatoa strains (6, 26, 33). They are sometimes arbitrarily given the name B. leptomitllformis because of their trichome widths. The major distinction between the genus Beggiatoa and the genus Vitreoscilla is the ability of beggiatoas to deposit sulfur when grown in the presence of hydrogen sulfide (3, 18, 42, 48) . The major difficulty with this distinction is that too many investigators have assumed that any phase-bright inclusions in sulfidegrown cells were sulfur. Unfortunately, those types of observations are prone to error. Polyphosphate can be also phase bright, and under phase-contrast microscopy it often appears very similar to small inclusions of sulfur. It is probable that other investigators have mistaken the polyphosphate bodies as sulfur inclusions. This is particularly possible in light of the apparent difficulties that Pringsheim had in determining whether his "beggiatoas" indeed contained sulfur (12). The Na?% oxidation and assimilation experiments performed in this investigation under a wide variety of tested conditions (W. R. Strohl and T. M. Schmidt, unpublished data) clearly demonstrate that none of the strains L1401-2, L1401-6, L1401-7, and ATCC 15551, heretofore considered as sulfur-depositing beggiatoas, actually deposit sulfur from sulfide.
Strains L1401-7 and ATCC 15551 were found not to carry small-molecular-mass plasmids, whereas some sulfideoxidizing beggiatoas did contain plasmids (26). There is currently no indication, however, that sulfur deposition is plasmid encoded or related (26). Strain L1401-2 and V . stercoraria VT1 and ATCC 15128 also contained smallmolecular-mass plasmids (26). The deposition of sulfur in Beggiatoa strains in pure culture has not been a transient phenomenon in our hands, so the likelihood that strains similar to L1401-2 might have lost the capability to oxidize sulfide is not great. Furthermore, strains L1401-2, L1401-6, L1401-7, and ATCC 15551 have been cultured continuously in media containing sulfide, as we had thought that they might be beggiatoas. Therefore, it is highly unlikely that conditions existed that selected against sulfur deposition. Therefore, these organisms must be considered as vitreoscillas.
The only species of Pringsheim's original six Vitreoscilfa species that is similar to this group of organisms is the species V . filiformis. V . filllformis was isolated from cow dung and soil samples, but it was also observed in water (presumably sediment) samples (30). A minor difference between these strains and the organism originally described as V . filiformis concerns the quality of growth in peptone versus defined media. The strains described here grew better INT. J. SYST. BACTERIOL.
in dilute media than in the 0.5 to 1.0% peptone-beef extract medium used by Pringsheim (31) . These strains grew in peptone media, although mediocre growth was obtained and they grew quickly, then died and lysed. Pringsheim apparently did not test the growth of his V . filiformis on defined medium with acetate as sole carbon source. Pringsheim stated that acetate did not stimulate the growth of his vitreoscillas in general (31) , but he nevertheless included sodium acetate in his media (30). Because the original strain of V. filiformis is no longer available, it is impossible to test these slightly variable traits under exacting conditions.
The similarities between Pringsheim's originally described V. filiformis (31) and the strains described here include the width of the trichomes (ca. 1 to 2 Fm), the general growth patterns on agar, the general morphology (that of cylindrical cells with shallow constrictions, which Pringsheim stated were not always present), the heterotrophic mode of nutrition with utilization of amino acids, and the growth in unshaken liquid media. The strains described here are only slightly constricted between cells, and the constrictions are not always readily observable by phase-contrast microscopy. These strains share several physiological characteristics that cluster them in a single group (Table 5 ). Of such characteristics, the major ones are growth on glucose, organic acids (including citrate), ethanol, and certain amino acids as sole carbon and energy sources, utilization of NO3-as a sole nitrogen source and its reduction to NO2-, inhibition of growth by bacitracin, and production of N,N,N',N'-tetramethyl-p-phenylenediamine cytochrome oxidase (Table  5) . Finally, a distinctive characteristic of this group of organisms is that they are very poorly refractile under phase-contrast microscopy, a common Vitreoscilla characteristic (30). Accordingly, it is proposed that these strains constitute the species V. fififormis. A description of V. filiformis, based on the organisms described herein, follows:
VitreosciZZu JiZiformis sp. nov., nom. rev. (fil.i.for'mis L.n. filum a thread; L.n.forma, shape; M.L. adj.filiformis thread shaped). ' v, Variable.
Cells colorless, existing in flexible trichomes with a diameter of about 1.0 to 1.5 pm and a length up to several hundred micrometers when grown in liquid media. Filament width may vary slightly. Ends of trichomes rounded. Slight indentations of the trichomes may sometimes be observed at septa1 regions between cells. Filaments display very low refractility when viewed by phase-contrast microscopy. Hormogonia some times produced. Motile by gliding; gliding is relatively slow, at ca. 5 pm per min. Produce linguiformistype colonies. Resting stages not known. Gram negative. Procaryotic. Sulfur is not deposited when grown in the presence of sulfide. PHB and polyphosphate deposits may be present. PHB deposits can often accumulate to greater than 50% of the cell dry weight.
Chemoorganotrophic, can grow utilizing many 2-, 3-, 4-, and 6-carbon organic acids, several amino acids, ethanol, or glucose as sole carbon and energy sources. Organic and inorganic forms of nitrogen utilized as nitrogen source. Nitrate reduced to nitrite.
Metabolism respiratory, with oxygen as the terminal elec-tron acceptor. Aerobic to microaerophilic. No growth anaerobically. Gelatin and starch weakly hydrolyzed. Casein not hydrolyzed. Catalase negative, cytochrome oxidase positive. No growth in the presence of 0.5% NaCl. Sensitive to bacitracin, streptomycin, furadantin (macrodantin), and polymyxin B.
Found in freshwater sediments, usually in association with decaying matter.
The mol% G + C of the DNA ranges from 59 to 63. Strain L1401-2, a Pringsheim isolate, is designated as the type strain. Strains L1401-2 and L1401-6 have been deposited with the American Type Culture Collection with the accession numbers 43190 and 43191, respectively. Strain ATCC 15551 was originally obtained as Beggiatoa sp. from the American Type Culture Collection.
Pringsheim stated that V . beggiatoides "resembles a sulphur-free Beggiatoa and, like it, is motile while in healthy condition" (31) . Pringsheim further observed that, on plates, the trichomes were much shorter and formed curls, spirals, and waves because of the gliding of multiple parallel filaments. Pringsheim's drawings (31) and pictures (32) of V.
beggiatoides colonies resembled what he later termed "1inguiformis"-type colonies (33) . Pringsheim stated that growth of V . beggiatoides was abundant in 0.1 to 0.3% beef extract, yeast extract, or proteose peptone or in combinations of them, but that gelatin and casein were not hydrolyzed (31) .
The other non-sulfide-oxidizing, colorless, filamentous strains described in this study, B13SD, B22SS, and B23SS, were members of our group B organisms in an earlier work on Beggiatoa (42) . These organisms have never appeared to oxidize sulfide or to deposit sulfur, even though they were isolated from a sandy but sulfide-containing sediment (42) . They have always, however, produced phase-bright inclusions that were, upon closer scrutiny, always polyphosphate. Strains B13SD and B22SS were lost during investigations on the physiology of the beggiatoas but were always sufficiently similar to strain B23SS (42) to warrant inclusion of their data. These strains resemble V . beggiatoides in the original descriptions of the vitreoscillas. In trichome diameter, they are slightly larger, 2.5 to 3 pm, than the ca. 2 pm given by Pringsheim for V . beggiatoides (31) . The similarities between these strains and Pringsheim's V . beggiatoides include habitat, lack of gelatin and starch hydrolysis, growth in peptone media (although these strains can only grow a short while on rich media before autolysing), and general morphology. Accordingly, we propose that the group characterized by strains B13SD, B22SS, and B23SS be considered as representative of the species V . beggiatoides ( Table  5 ).
An emended description of V . beggiatoides, based on the morphology and general characteristics of our three isolates and on the physiology of strain B23SS, follows:
V . beggiatoides (Pringsheim 1949) emend. Cells colorless, existing in trichomes with a diameter of about 2.5 to 3.0 pm and a length of up to several hundred micrometers. Ends of trichomes rounded. Necridia and hormogonia produced. Motile by gliding; gliding relatively fast with speeds of ca. 2 to 5 pm per s. Produce either circuitans-type (low-nutrient media) or linguiformis-type (high-nutrient media) colonies. Trichomes often glide singly, away from other trichomes. Resting stages not known. Gram negative. Procaryotic.
Sulfur is not deposited when grown on sulfide; however, sulfide at ca. 1 mM is apparently not inhibitory to growth.
PHB always present when cultured on acetate-containing media. The PHB deposits can accumulate to greater than 50% of the cell dry weight. Polyphosphate bodies often present.
Chemoorganotrophic. Acetate, ethanol, and some C-4 organic acids utilized as sole carbon and energy sources. Ammonium or nitrate utilized as sole nitrogen sources.
Metabolism respiratory, with molecular oxygen as the terminal electron acceptor. Microaerophilic to aerobic. No growth anaerobically.
Gelatin, starch, and casein not hydrolyzed. Catalase negative. Cytochrome oxidase positive. Growth in 0.5% but not 1.0% NaCl. Sensitive to the antibiotics polymyxin B, neomycin, and furadantin (macrodantin); resistant to bacitracin and streptomycin.
Found in sandy but lightly sulfide-emanating sediments of freshwater streams.
The mol% G + C of the DNA of strain B23SS is 42.
Strain B23SS, a group B strain from an earlier publication (42) , is designated as the type strain in accordance with rule 18h of the Bacteriological Code (13) . Strain B23SS has been deposited with the American Type Culture Collection with the accession number 43189.
The most easily recognized Vitreoscilla species, V . stercoraria, has not been taxonomically characterized. Much more is known about its nutrition and overall characteristics (largely because of studies by Mayfield and Kester [23, 24] ) than about the other species treated in this study. In no one location, however, have these characteristics been drawn together.
Costerton and colleagues (7) examined the ultrastructure and motility of a Vitreoscilla sp. isolated from cow dung. Our observations on the cell structure of V . stercoraria agree generally with those of Costerton et al. (7), with the exception that we observed an extra ruthenium red layer on the external surface of the cells. Our observations that the cells are held together by "extracellular ruthenium red-reactive substances" also agree with the implications by Brzin (1, 2) that V . stercoraria may, under certain growth conditions, grow as single cells. The amino acid composition of the peptidoglycan of V . stercoraria was found to be alanineglutamic acid-diaminopimelic acid in a molar ratio of 2:l:l (G. Levit and A. S. Kester, Abstr. Annu. Meet. Am. SOC. Microbiol. 1976, K138, p. 159).
Mandel and Lewin (22) showed that the mol% G + C of two Vitreoscilla strains was 43.6. Our values of 50 to 51 mol% G + C obtained for VT1 and ATCC 152MT do not agree closely with those values. Moreover, the G + C mol% values obtained by Maiden and Jones (19) for strains 390 and ATCC 15218= were 49.4 and 50.5, respectively, which agree closely with our data. The reasons for this discrepancy are unknown. The strains used by Mandel and Lewin (22) were apparently not the same as those used by Maiden and Jones (19) or us, and it may be possible that their strains were somewhat different physiologically. We have also shown that V . stercoraria ATCC 1521gT and VT1 contained plasmids with molecular masses of 1.4 x lo6 daltons (26) .
Mayfield and Kester (23, 24) showed that V . stercoraria was an obligate amino acid utilizer, requiring minimally arginine, tyrosine, tryptophan, and glutamine for good growth (23) . Addition to those amino acids of serine or cysteine greatly increased growth (24) . The electron transport components of a V . stercoraria-like strain have been studied in detail by Webster and his colleagues; that strain appears to contain only a cytochrome o (46, 47) . Likewise, a V . stercoraria-like strain examined by Dietrich and Biggins INT. J. SYST. BACTERIOL.
(8) also contained a cytochrome 0. An emended description of V . stercorariu, based on results obtained by several investigators over the past 20 years, along with our results (Fig. l a and 2a) N,N,N' ,N'-tetramethyl-p-phenylenediamine cytochrome oxidase negative, Gelatin, casein, and starch not hydrolyzed. Usually isolated from cow dung.
The mol% G + C of the DNA is 50 to 51 (buoyant density).
The type strain, as designated in the Approved Lists of Bacterial Names, is ATCC 152BT.
